Archival IUE spectra of U Sge have been used to study hot (D105 K) circumstellar gas in this system. The observed spectra contain several UV resonance lines, of which the Si IV lines (jj1394 and 1405) are the strongest. These lines are observed in absorption, so we must remove the photospheric absorption line contribution to the spectra in order to see the emission produced by the circumstellar gas. We have developed a robust method for creating such di †erence spectra from IUE data. In the observed spectra we see a variation in the line proÐles and line centers with an orbital phase suggesting the presence of circumstellar gas. The residual emission seen in the di †erence spectra is strongest between phases / \ 0.3 and / \ 0.7, with a strength of up to 0.2 of the continuum Ñux. This is conÐrmed by the presence of an emission region visible in the Doppler tomogram of the j1394 line. This is consistent with the location of an Ha "" absorption zone ÏÏ seen in tomograms of U Sge and U CrB, and with theoretical predictions of a high temperature accretion region.
INTRODUCTION
U Sagittae (HD 181182) is a close interacting Algol-type binary that consists of a B8 V primary star and a G4 IV secondary with an orbital period of 3.3805941 days (see Table 1 and Fig. 1 ). The circumstellar gas in U Sge has been studied by analyzing Ha line proÐles . Doppler tomography of Ha spectra of U Sge shows that this binary changes back and forth between a state when only the gas stream between the stars is visible and a state when both the gas stream and a quasi-stable accretion disk are visible (Richards, Albright, & Bowles 1995 ; Albright & Richards 1996) . This change can occur within an orbital cycle. UV observations of U Sge have shown evidence of strong emission during primary eclipse (Plavec et al. 1984) and absorption outside of totality (McCluskey & Kondo 1984) . This is similar to its behavior seen at Ha (McCluskey & Sahade 1987) . The UV spectra of other Algols, AU Mon (P \ 11.11 days), CX Dra (P \ 6.70 days), U CrB (P \ 3.45 days), and TX UMa (P \ 3.06 days), discussed by Peters & Polidan (1984) , were all absorption spectra from phases outside eclipse and showed no evidence of circumstellar material in the form of emission, although excess absorption was observed at some phases.
In this work, we discuss UV spectra of U Sge that are similar to those described by Peters & Polidan (1984) . However, as at Ha, we remove the photospheric absorption line proÐle from the observed proÐle to extract the UV emission component. The resulting di †erence proÐles are used to calculate Doppler tomograms, as was done at optical wavelengths by Richards et al. (1995) and Albright & Richards (1996) . These tomograms enable us to visualize the sources of ultraviolet emission in the binary. Since the optical work probes a relatively cool temperature range of D104 K, the use of ultraviolet data is important in extending our understanding of these systems into higher temperature regimes (D105 K). This provides us with a more 1 jck7k=virginia.edu. 2 Guest Investigator, IUE Telescope Tracking Station, VILSPA, Spain. 3 mtr8r=virginia.edu.
complete picture than that a †orded solely by optical spectra.
U Sge was chosen for this study since its properties are well known from optical observations and since a large number of IUE spectra spaced evenly throughout the orbit were available. The latter condition is necessary in order to obtain adequate Doppler tomograms (see°4).
OBSERVATIONS
We present here an analysis of 32 spectra obtained from the IUE archive that were taken with the IUE satellite from 1980 May through 1994 June, or HJD 2,449,509.572È 2,445,499.387 (see Table 2 ). The 1994 June data were collected by one of us (M. T. R.). These spectra were taken in high-dispersion mode with the short wavelength primary (SWP) camera at a spectral resolution of 1.67 pixel~1 A over the wavelength range 1145È1930 The orbital phases, A . /, of the U Sge spectra were calculated using the equation
where HJD is the heliocentric Julian date, HJD min \ 2,440,774.4856 is the epoch of primary minimum (Olson 1987) , and the orbital period P \ 3.3805941, all measured in days.
The observed spectra contain several lines that are indicators of circumstellar material, including Si IV (jj1393.755 and 1402.770), C IV (jj1548.185 and 1550.774), N V (jj1238.821 and 1242.804), and O IV (j1397.20), which indicate plasma temperatures ranging from 6 ] 104 to 2 ] 105 K. Of these, the Si IV lines are the strongest, with slightly weaker C IV and O IV lines ; the N V line is the weakest line. We focus in this paper on the Si IV line at 1394 since it is A quite strong at all orbital phases. In contrast, the Si IV j1404 line is not as strong (Fig. 4a) .
There is no obvious emission visible in the observed proÐles, as can be seen in Figures 2 and 4a . However, there is evidence of circumstellar material, which is indicated by an asymmetric line proÐle and an orbital variation in the wavelength of the line center. In particular, the line center appears redshifted at phases / [ 0.5 and blueshifted at phases / \ 0.5 relative to the motion of the primary. Moreover, there is an orbital variation in the shape of the line proÐle such that the proÐles seen near quadrature (e.g., / \ 0.217 and / \ 0.748) are more asymmetric than those at other phases.
Over the di †erent epochs, the proÐle of the Si IV (j1393.7) line is relatively stable compared with systems like CX Dra and b Lyr (see Fig. 3 ), which indicates that the structure of the circumstellar gas contributing to the ultraviolet emission is itself fairly stable in time. The 1980 May data appear to contain slightly deeper absorption than the other epochs in our data. This may indicate a di †erence in the gas structure at this epoch. These data were excluded from the tomography analysis in°4. 
DIFFERENCE SPECTRA
The observed spectrum of U Sge is made of several components : the photospheric absorption line proÐle of each star and the contributions from the circumstellar gas and from the gas stream. Since the circumstellar gas is faint compared to the stars in U Sge, the composite spectrum looks like a distorted absorption proÐle. Therefore, we must eliminate the light of the stars from the spectrum in order to see the contribution from the circumstellar material and from the gas stream. At optical wavelengths, the light from the primary star dominates the absorption spectra of U Sge, but the absorption proÐle of the secondary still contributes about 10% of the overall light. In the ultraviolet, however, the secondary star accounts for less than 1% of the observed intensity of the spectrum, and therefore does not need to be considered in an analysis of UV spectra. The elimination of the stellar contribution to the spectrum was done by subtracting the spectrum of the B8 V standard star HD 23432 (see Table 1 ) from the observed U Sge spectrum. Ultraviolet di †erence proÐles have not previously been calculated for any Algol system. However, Ha "" di †erence proÐles ÏÏ of U Sge have been calculated by .
The di †erencing process required that we Ðrst remove the Ðducial markers that appear in all IUE echelle spectra. The U Sge and HD 23432 spectra were then individually normalized by eye to the continuum level. Next, the spectra were corrected for systemic velocity (see Table 1 ), and the U Sge spectra were corrected for orbital motion. The resulting U Sge spectra were in the rest frame of the primary star. An additional correction that was not applied at this stage was to compensate for the di †erences in rotational velocity of the U Sge primary and the standard star. While U Sge has a rotational velocity of 100 km s~1 , HD 23432 rotates at 283 km s~1 (Battrick 1984) . This introduces signiÐcant rotational broadening in the spectrum of the standard star and prevents us from truly eliminating the primary starÏs contribution to the spectrum since the standard star has shallower absorption features than desired. However, this extra absorption should be relatively small compared to any emission from the circumstellar gas. The Si IV di †erence spectra from 1983 June to 1994 June are presented in Figure 4 along with the corresponding di †er-ence spectra.
As discussed earlier, the observed proÐles show little obvious variation with orbital phase (see Fig. 2 ). However, the strength of the residual absorption visible in the di †er-ence spectra (Fig. 4) decreases as we go from primary eclipse to secondary eclipse, then increases as we move back toward primary eclipse. There is also a corresponding increase in emission to 10%È30% of the continuum Ñux level in the spectra around secondary eclipse. The fact that the emission is strongest at orbital phases between / D 0.3 and / D 0.7 indicates that neither the gas stream nor the secondary star, both of which are occulted at these orbital phases, can be the source of this emission. This leaves circumstellar gas as the strongest candidate for the emission in the di †erence proÐles.
The Si IV lines (jj1393.755 and 1404.770) are created only under temperature conditions ranging from 6 ] 104 to 2 ] 105 K (Feldman 1981) . It is reasonable to expect that a transient accretion disk would be too cool to produce these particular lines. However, the "" hot spot ÏÏ where the gas stream impacts the primary may be in the temperature range required to produce the Si IV lines, as might the location where the circumstellar gas collides with the gas stream after a full revolution about the star. Evidence for a hightemperature accretion region (HTAR) associated with the gas stream impact was found in four systems by Peters & Polidan (1984) by studying absorption lines of Si IV (j1393.755), N V (j1238.821), and C IV (j1548.185). They found an HTAR that was visible from an orbital phase of 0.4È0.9 extending to about 1 stellar radius from the surface.
The range of phases at which Si IV emission is observed in the di †erence proÐles of U Sge is consistent with the location of the HTAR found by Peters & Polidan (1984) in the spectra of U CrB, a system similar to U Sge. They are also consistent with the Ha tomograms in Albright & Richards (1996) , which show an Ha "" absorption zone ÏÏ in this region, possibly indicating the presence of hot gas.
DOPPLER TOMOGRAPHY
Doppler tomography is a computationally intensive technique used to take a time series of one-dimensional spectra and convert them to a two-dimensional velocity map in the orbital plane of the binary. The technique of Doppler tomography has been described in detail by Robinson, Marsh, & Smak (1993) . Doppler tomography has been used to analyze circumstellar gas in cataclysmic variables (see, e.g., Marsh & Horne 1988 ; Kaitchuck et al. 1994 ) and Algols (Jones & Richards 1992 A Doppler tomogram of the U Sge system (see Fig. 5 ) was created by using 17 of the 25 SWP di †erence spectra that were obtained in 1983 June and 1994 June (see asterisked entries in Table 2 ). The other SWP di †erence spectra were excluded because they were dominated by absorption. These were mostly the spectra from 1980 May and 1981 August. In creating the tomogram from the Si IV (j1393.755) line, we had to be careful to avoid contamination from the nearby O IV line at 1397.20 In order to do this, we limited A . the wavelengths used to create the tomogram to the range 1391È1395.45 This ensures that the only possible con-A . tamination from the O IV line could come from gas with a velocity km s~1. It is unlikely that there will be any Z460 O IV emission at these velocities.
The tomogram is distorted by the high noise level of the spectra, but it shows evidence of material in the vicinity of the primary star and within structures that are distinctly associated with this star. No structures are associated with the secondary, and no emission from the gas stream is apparent, which is consistent with the expected cooler temperatures (D104 K) of the gas stream. The Si IV tomogram contains a dominant streaklike feature located at large positive and large negative (see Fig. 5 ). There is a similar, V x V y but weaker, feature at high positive and km s~1. ) di †erence spectra of the Si IV (j1394) line. These spectra are normalized to the continuum Ñux. Near secondary eclipse, an increase in the intensity of emission can be seen in the di †erence proÐles. The intensity scale relative to the continuum Ñux is shown in the bottom right corner of each frame. These di †erence spectra were used to create the Doppler tomogram.
facts due to gaps in our phase coverage from / \ 0.89È0.04 and / \ 0.07È0.17. The remaining structures found close to the stars are considered to be real. The peak of this structure is found at km s~1).
[ 150 The position of this peak of the emission in the UV tomogram of U Sge is consistent with the Ha absorption zone seen in the Ha tomograms of Albright & Richards (1996) . This Ha absorption zone was described as a region with Ha absorption located on the side of the primary (/ B 0.4È0.7), opposite the secondary star. The lack of Ha emission in this region implies either the presence of circumstellar gas that is too hot to produce Ha emission or an unidentiÐed absorption source. The position of the UV emission peak in Figure 5 is also consistent with the location of the HTAR seen by Peters & Polidan (1984) in UV spectra of U CrB, so it is reasonable to conclude that the physical locations of the two HTARs are similar. Moreover, the similar locations of the HTAR in U Sge (Fig. 5 ) and the FIG. 5 .ÈDoppler tomogram of the Si IV (j1394) line showing the emission in the region behind the primary star. The upper solid purple line and dashed purple line represent the Roche lobes of the secondary and primary stars, respectively. The solid purple circle represents the velocity at the surface of the primary star. The large solid and dashed blue circles represent, respectively, the inner and outer boundaries of a Keplerian accretion disk. The solid blue line emanating from the point is the gas stream L 1 assuming a purely gravitational trajectory, with the circles spaced by 1/10 of the distance from the point to the point of closest approach to the L 1 star. The stream-star impact point is marked by the asterisk. The streaklike feature in the lower right quadrant is due to a gap in our orbital phase coverage from / \ 0.37 to 0.47.
Ha absorption zone suggest that the Ha absorption zone is a region of hotter gas than the rest of the structures seen in the Ha tomograms.
DISCUSSION AND CONCLUSIONS
We have created here a successful method for making the Ðrst ultraviolet di †erence proÐles using IUE data of an Algol binary. The method is robust and can be used on other Algols. The procedure we have developed will be enhanced by the inclusion of the correction for di †erences in rotational velocity between the Algol and the standard star.
Using this procedure on U Sge, we see a clear variation with phase in the strength of the Si IV emission lines at 1393
In the Doppler tomogram of the j1393 line, this orbital A . variation is visible as a region of hot (D105 K) gas on the side of the primary star opposite the secondary star near phases / B 0.3È0.7 and adjacent to the gas stream impact point. We believe it to be caused by the impact of the gas stream on the photosphere of the primary. The location of this high temperature accretion region is consistent with both Ha studies of this system and previous UV absorption line studies of similar systems.
